Dissociation of embryonic kidney followed by re-aggregation as a method for chimeric analysis.
Introduction
The ability to construct 'embryonic kidney tissue' by re-aggregation of initiallydissociated renogenic cells adds a powerful weapon to the armoury of kidney culture techniques. As well as uncovering basic processes of anatomical self-organization, the system allows experimenters to make fine-grained chimaeras that place 'test' cells in the context of developing kidney tissue. This provides a convenient way to assess the abilities of these cells to differentiate into various renal cell types, or their abilities to interfere with or promote the differentiation and morphogenesis of the host tissue.
Formation of an embryonic kidney tissue from simple suspensions of cells is also a promising technique for stem cell-based tissue-engineering techniques in regenerative medicine, but these applications are beyond the scope of this article.
Here, we present two broadly similar methods for disaggregating embryonic mouse kidneys to obtain renogenic cells and then re-aggregating them to form organotypic tissue, with or without the addition of other cells to make chimaeras. One method was developed in Edinburgh, the other in Brisbane; both were published in 2010 (1;2) and both were highlighted by editorials in their respective journals (3;4) . The methods each begin with enzymatic dissociation of kidneys, followed by random re-aggregation of cells using centrifugation. They then use conventional organ culture of the resulting aggregate to allow renal structures to re-form. Both have been used for published studies on the fates of exogenous cells in chimaeric re-aggregates (2;5). The Edinburgh method uses a temporary drug treatment to promote cell survival, while the Brisbane method uses a feeder layer of Wnt-secreting support cells.
Simple re-aggregations of the type described above result in the re-formation of ureteric bud epithelia and the induction of nephron epithelia from mesenchyme, followed by eventual connection of the nephrons to the ureteric bud tubules in the usual manner. At high magnification, there is little apparent difference between the tissues and those of an embryonic kidney that developed in vivo, but on low-power examination there is one very obvious difference: a normal embryonic kidney is arranged around a single, branched ureteric bud/ collecting duct tree that leads back to a single ureter, whereas in the re-aggregates many small, disconnected ureteric bud 'tree-lets' form. This difference prevents the development of the normal cortico-medullary axis of the kidney, and would be a major handicap to clinical use since the drainage purpose of the collecting ducts is defeated and the urine-concentrating function of cortico-medullary organization is also missing. A very recent development of the Edinburgh method, which uses two sequential rounds of disaggregation and re-aggregation, results in a re-aggregate that is arranged around one single ureteric bud (Ganeva, Unbekandt, Davies in press, ref details expected late Feb); either the bud or the mesenchyme can be chimaeric in this system, and they can even be chimaeras with different exogenous cells.
Materials
Observe good sterile technique when preparing and handling all instruments, solutions and hardware. Ensure that your supply of enzymes does not have sodium azide as a preservative. 8. Stainless steel culture grids (these are for supporting the culture filters at the liquid/gas interface. Make them from fine stainless steel mesh: cut the mesh into triangles about 1.5cm per side, and bend the corners down to make legs about 3mm high -the height is not critical, but having them very high wastes medium).
Materials for the Edinburgh
We find it useful to force a pointed scissor blade into the mesh and to turn it, to make small 'holes' about 3mm across, across which pieces of filter will later be placed. 9 . Microcentrifuge, tubes, 3.5mm Petri dishes, Cell strainer -40µm (BD Falcon, Oxford, UK), Haemocytometer. Optional -fluorescence microscope (this is our favoured method for visualizing marked cells and immuno-stained antigens, but other methods such as sectioning and enzymatic staining are alternatives). 13. Stainless steel culture grids (these are for supporting the culture filters at the liquid/gas interface. Make them from fine stainless steel mesh: cut the mesh into triangles about 1.5cm per side, and bend the corners down to make legs about 3mm high -the height is not critical, but having them very high wastes medium). 
Methods
Both methods begin with kidney rudiments isolated from E11.5-E12.5 mouse embryos.
Given the specialized natures of this volume, it is assumed that any reader is capable of performing this dissection, and a proper description of the process would require a chapter in itself. Such a chapter can be found in a previous volume of this journal (6).
3.1 The basic Edinburgh Method (see 3.2 for a refinement that results in a re-aggregate arranged around a single re-aggregated ureteric bud)
This method involves significant micro-manipulation of tissues, in open-air, in media that are intended to be buffered against 5% CO 2 : pay close attention to the colour of the pH indicator in the medium while you work, and change medium if it begins to look significantly more alkaline than equivalent medium in a 5% CO 2 incubator. This is important -pH drift is bad for the cells (but so, alas, are all of the non-CO 2 buffers we have tried in an attempt to obviate the problem).
1. Isolate at least 10 fresh E11.5 metanephric rudiments in Dissecting Medium (defined in section 2.1).
2. Using a fine (pulled) Pasteur pipette, transfer the rudiments to a 3mm Petri dish containing Trypsin-EDTA solution and incubate them for 4 min at 37°C, 5% CO 2 . 9. Centrifuge each suspension of cells for 2min at 800g to make a pellet. 10 . Use a yellow pipette tip, on a pipette, to aspirate a little medium and then expel it, very gently, at each pellet to persuade the pellet to break free of the tube. 11. Remove the Petri dish containing the filters in the grid, prepared earlier at stage 4, from the incubator and place it at the stage of the dissecting microscope. Collect the pellets from their microcentrifuge tubes with a glass Pasteur pipette and release them gently, on to a square filter (one re-aggregate, one filter). Each will be just visible as a brownish 'stain'. Beware the risk of releasing so much medium that the re-aggregate is washed over the side of the filter. In B, a re-aggregate produced by the refined Edinburgh method (section 3.2) and stained with anti-calbindin and anti-laminin. Note how the arrangement of the tissues is much more like that of a normal embryonic kidney, with nephrons ('n) arranged around a single branched ureteric bud ('ub'). Scale bar=100 microns. 20. To embed, position filter/pellet on smallest edge with pellet on the side, such that pellet will be cut on sagittal plane. 21. Using microtome, cut into 7µm sections using the remaining filter as a guide.
Using a glass

The Brisbane Method
Regular checking on a standard light microscope is necessary to determine progress of sectioning.
22. After sectioning, sections can be stained and morphology assessed using standard histochemistry (haematoxylin and eosin or other stain) or assessed for contribution of test cells into reaggregation via standard immunofluorescence with the desired antibodies. Our preferred options when using GFP-labelled test cells is anti-GFP with a marker of either ureteric epithelium (calbindin 28kD or Pax2; Note Pax2 also marks the cap mesenchyme and developing tubules), cap mesenchyme (Six2 or WT1; note WT1 also marks early tubules and developing podocytes), basement membrane (pan-laminin; collagen IV) or a specific tubule marker (Aqp1 for proximal tubules). Immunofluroescence of embryonic kidney reaggregation illustrating expression WT1 (red; metanephric mesenchyme and developing nephrons) and pan-laminin (green; epithelial basement membranes). C-E. Immunofluorescence of 50:50 reaggregation between wildtype and GFP+ embryonic kidney. GFP; green. WT1, red. F,G. Reaggregations of 50:50 wildtype embryonic kidney and cells FACS-sorted from the embryonic kidneys of Sal1-GFP mice demonstrating the application of the method to test renal potential of an isolated cell population. Sal1GFP+ cells; green. F, Calbindin 28Kd (ureteric epithelium), red. G. WT1, red.
Notes
1. Do not leave the cells for too long in suspension. The longer the cells will stay in suspension the more cell death will be observed.
2. During the dissociation step (step 3.5 of section 3.1) do not be too gentle. If the kidneys are not pipetted repeatedly and fast enough they will stick to the pipette tip and the dissociation will be inefficient.
3. Observe good sterile techniques to avoid culture contamination. Place metal grids and forceps in ethanol, when they are not used, and sterilize them by burning the remaining ethanol covering them before use.
4. If cells are left too long in a microcentrifuge tube, they will start to attach to the walls of the tube and the centrifugation step will not be efficient. Mix the cell suspension before centrifugation.
5.
After centrifugation, the pellet should have a nice round shape at the bottom of the tube. The line along the walls corresponds to the presence of cellular debris and can mean that the cells were dissociated too strongly or that they were left for a long time in suspension.
